Introduction
Loss given default (henceforth LGD) is one of the main drivers of a portfolio's exposure to credit risk (Basel Committee on Banking Supervision, 2006) . The LGD can be measured using different approaches: market LGD, implied market LGD and workout LGD (Schuermann, 2001) . One of the most important differences between these techniques is the assumption made in the first two approaches of an efficient market (Altman, Resti and Sironi, 2004) ; expectations of ultimate LGD are reflected in market prices, but other factors play a relevant role in the determination of ultimate losses (Carey and Gordy, 2005) . International analyses have highlighted the difficulties in estimating the LGD with such approaches, especially for financial intermediaries (such as those in Europe), which do not frequently make public offerings of defaulted mortgage-backed securities (Araten, Jacobs and Varshney, 2004) . The lack of market data for many countries forces to use the LGD workout approach for evaluating the intermediaries' credit portfolio exposure. Moreover, if the bank's policy is to service the defaulted assets, as European banks normally do, LGD estimation needs to be based on discounted workout recoveries (Brady, Chang, Miu, Ozdemir and Schwartz, 2006) . This paper focuses on the workout approaches, and the aim is to study the relevance of the discount rate choice in determining the LGD estimates. Solutions proposed in the literature identify different proxies for the discount rate, such as the contractual rate (Asarnow and Edwards, 1995) , the risk-free rate (Unal, Madan and Guntay, 2003) and some mono-factor models (Maclachlan, 2005) . The available studies select only the discount rates that best fit the available data and compute the LGD without worrying about the impact of the discount rate choice on the LGD measurement. Using a proprietary database of clients of a leading financial intermediary in Italy over a 20-year time horizon, we compare workout LGD estimates released using different discount rates. The results show that there is a difference between the LGDs computed using different discount rates, especially if the median value and the percentile distribution are taken into account, whereas, looking at the determinants of the LGD estimates, the drivers are unchanged when the different hypotheses about the discount rate are tested. The paper presents a literature review for approaches to select the proper discount rate for estimation of the LGD (Section 2) and presents an empirical analysis for a proprietary database. In the empirical analysis, after a brief description of the sample considered (section 3.1), we present the methodology for computing the discount rate and the LGD (Section 3.2), and we present the results of the comparison between the different
LGD estimates (Section 3.3). In the last section, some brief conclusions and implications are presented (Section 4).
Literature review
The workout approach allows estimation of the LGD not only for bonds but also for lending solutions offered by financial intermediaries. The information for construction of the cash flow prospectus of the recovery process has to be sufficiently detailed to identify the amount and time of each cash flow related to the recovery procedure (Frye, 2004) . Once the timeline of the cash flows is evaluated, the evaluator has to select the proper discount rate to make flows at different times comparable. In the literature, different solutions are proposed:
-the contract rate applied to the customer; -the risk-free rate; -the correct yield rate, estimated using a single-factor approach.
The contractual loan rate approach envisages that the flows recovered by the intermediary, after the state of insolvency has disclosed be discounted at the contract rate defined at the start of the relationship or at the last contractual rate renegotiated with the customer. The adoption of this approach can be deemed to be reasonable only if it is believed that the opportunity cost of the missing recovery of the sums at the contract due date can be correctly identified by this rate; it is assumed, then, that the appearance of the insolvency event does not modify the risk of the operation. The contractual rate approach makes it necessary to gather a complete internal information set, as any differences in the stipulated contracts have significant repercussions on the capacity to renegotiate the rates and, therefore, on their time for development. The use of mean or aggregate rates does not, then, represent a reasonable solution for estimating the LGD with this approach, and a complex information database has to be constructed that is primarily fed by the internal data gathered by the intermediary (Asarnow and Edwards, 1995) . The difficulties tied to the identification of the possible yield of the investment having characteristics similar to the financing granted can push the intermediary to choose to use the minimum opportunity cost for the time deferment of the repayments as the discount rate, i.e., the risk-free rate. The applicability of this approach is thus subordinate only to the identification of the reference market and to that of the best proxy available for the risk-free activity yield (Unal, Madan and Guntay, 2003) . The appearance of the default event brings about the impossibility of foreseeing ex ante the amounts and the dates of appearance of the flows tied to the recovery process and thus brings about an increase in the variability of the repayment flows tied to the financing that is paid out. Even under the assumption that the risk-free rate represents a correct value for discounting future flows coming in for the intermediary before the appearance of the default, it is difficult to believe that the use of this rate is also correct when the flows lose their characteristic certainty. The decision to estimate the LGD with the risk-free rate approach can result in underestimation, as the current value of the flows generated by the recovery process would be computed without considering the greater degree of uncertainty that characterises the recovery flows. The use of a risk-free rate can lead to underestimation of the loss in cases of insolvency because it is unlikely that an investment by the financial intermediary offers a yield no higher than the risk-free rate, as characterised by a non-zero risk of loss. A more credible solution relies on the use of a discount rate corrected for the estimated risk computed as the risk free rate plus a spread for the higher risk profile (Maclachlan, 2005) . This approach assumes the possibility of identifying an index representative of the market risk for all debtors considered in the estimate of the LGD (Duellmann and Trapp, 2005) . The analyses carried out with these approaches usually use indicators related to the average behaviour of the defaulted bonds negotiated in the market as a proxy for the market index (Altman, Brady, Resti and Sironi, 2005) or a proxy for the economy growth due to the strict relationship between the LGD and the economic cycle (Frye, 2000) .
Empirical analysis

Sample
Data are collected from a proprietary database of a large Italian specialised financial intermediary and cover all the customers served in the timeframe . The number of customers served by the lender during the 20-year time horizon varies significantly over time due to growth; in 2005, the number of existing contracts was higher than 10,000. The mean default rate in Italy is normally lower than 2% (Bank of Italy, 2009), but we cannot consider all defaulted counterparties because the workout approach assumes that the recovery process has ended. The overall sample includes around 950 transactions for which all information about the amount and time scheduling of recovery process are available (Figure 1) . Around 98% of the analysed counterparties come from the corporate and the retail sector, and the role of the other types of counterparties is residual. The sample composition is consistent with industry forecasts for these two sectors (plus project finance and structured finance) as consisting of high-risk portfolios; as a result, in LGD studies, the probability of obtaining an unbalanced sample on the basis of sector features is significantly high (BIS, 2005) . Looking at the starting date of the relationship between the customer and financial intermediary, more than 40% of the contracts analysed were signed from 1986 to 1990, and less than 6% of them can be attributed to the years before 1985 or after 2001. Information given by the data provider enables the identification of the amount of inflows and outflows related to the recovery process for each customer in the portfolio and the time scheduling of these monetary flows. Even if the personal details of each customer are not available due to privacy law, some features of the customer (such as the vintage of the relationship, the sector of activity and the firm type) and some characteristics of the recovery process (such as the duration, the type of recovery process, the exposure to default, guarantees and the type of transaction) are provided.
Methodology
Coherently with the Italian supervisory guidelines for the financial intermediaries (Bank of Italy, 2001), we compute the result of the recovery process using the workout approach, and for each transaction, we measure the LGD on the basis of the following formula:
where the LGD for the i th contract is defined on the basis of the ratio between the value at the time of default To study the impact of the discount rate on the estimation of the LGD, we test different hypotheses proposed in the literature to define the current value of the recovery process. In detail, the discount rates considered are the following: Using the different approaches presented for the estimation of the discount rate, the LGD is computed using the following formulae:
A preliminary analysis of the impact of the discount rate on the estimation of the LGD is released using some summary statistics on the overall sample. Once differences in the distribution of different types of LGDs for the same sample are identified following other studies proposed in the literature (e.g. Dermine and De Neto Carvalho, 2006) , a study of the determinants of the recovery process performance is performed to test whether the choice of a different discount rate could affect the LGD determinants. The relationship studied is the following: The sum of the coefficients of dummy variables related to the geographical area, sector, type of recovery process and guarantee are constrained to one. The approach adopted allows for these features to study the relative impact of each possible event with respect to all possible events. The geographical features could affect the economic value of the LGD because the efficacy of judicial procedures is closely tied to the length of the recovery process and to the costs that the intermediary must sustain to enforce the guarantees he claims (Carey and Gordy, 2005) . Empirical analyses proposed in the literature have also indicated for the Italian system the presence of a relationship between the geographic location of the court and the efficacy of the recovery process, thus supporting the need to make differentiated estimates depending on the geographic area to obtain correct evaluations of the LGD (De Laurentis and Riani, 2005) . The impact of the economic cycle is not independent of the debtor's sector of business and, for some business sectors, structural differences in the efficacy of the recovery processes can be brought out (Frye, 2000) . 1998). The balance sheet assets of counterparties belonging to different sectors are not similar; consequently, the size of the recovery flows may be significantly influenced by the type of business carried on by the debtor (Carthy, Hamilton, Keenan, Moss, Mulvaney, Marshella and Subhas, 1998) . The effectiveness of the recovery process cannot be deemed to be independent of the type of recovery action because the mean duration of recovery processes differs significantly depending on the type of channels activated and on the activities that are potentially the subject of pursuit by creditors (Schuerman, 2004) . Due to the availability of data, we distinguish only between court, out-of-court and mixed recovery channels. Guarantees requested by the lender could be classified as personal or real guarantees, and the different types of guarantee offered could affect the usefulness in the recovery process (Peter, 2006) . The relevance of each type of guarantee for the LGD estimates depends on the law and the procedure established for the recovery process. The role of the guarantee also depends on its value with respect to the exposure at default, with a higher ratio indicating a lower LGD for the contract analysed.
Due to some economies of scale in the recovery process and due to the type and time scheduling of the recovery process, the efficacy of the recovery process is normally higher for the largest exposures (Couwenberg and De Jong, 2008) . The duration of the recovery process could affect the results achieved, and normally the less time-consuming processes are those that ensure the better performance (Bank of Italy, 2001) . Some authors support an alternative thesis that the duration of the recovery process is not relevant for itself but becomes relevant due to external macroeconomic factors that could affect the performance of the recovery process (Grunert and Weber, 2009) . The vintage represents a proxy of the strength of the relationship between the customer and the financial intermediary. As the duration of the relationship increases, the debtor will face greater problems in finding in the market other lenders who will offer him credit under the same conditions (Berger and Undell, 1995) ; moreover, during the course of the relationship, the lender is able to collect more information about the customer (Longhofer and Santos, 2000) . In the case of limited partnerships or listed companies, the lender is able to assert rights only on the firm through a judicial trial: this specificity is important if it is assumed that the recovery rate of an individual exposure is a function of the aggregate recovery rate of the company as a whole (Carey and Gordy, 2004) . If the firm is a limited partnership, the risk after default is lower, and the recovery process is normally easier and less time consuming.
Results
The value of the LGD computed using different approaches for the discount rate for the overall sample is preliminarily analysed using summary statistics. (Table 1 )
Table 1 -Summary statistics of LGD computed under different discount rate hypothesis
LGD (CR) LGD (RF) LGD ( 
Source: Data processed by the authors
The mean value of the LGD is comparable with the international empirical evidence (such as Bruche and Gonzalez-Aguado, 2010) and coherent with the results obtained by other authors studying the same market using a proprietary database of another bank in a comparable time horizon (Caselli, Gatti and Querci, 2008) . The choice of the discount rate could impact the mean value and the variance of the LGD distribution, but, due to the leptokurtic and asymmetric feature of the distribution, the impact is more clear on the median value with respect to the mean. Considering the percentile distribution, the analysis shows that more than 50% of cases in the extreme values (0 or 1) are consistent with the evidence obtained by other studies available in literature (Calabrese and Zenga, 2010) . The contractual rate and the single-factor approach based on the market index approach define a median value that is significantly higher with respect to other models and show a higher degree of asymmetry and skewness. The percentile distribution of the LGDs computed using different discount rates is not strictly comparable due to the significant differences in the value assigned to each percentile from the 30 th to the 60 th . Looking at the determinants of the LGD estimated using different discount rates does not allow the identification of any significant differences in the explanatory features of the recovery process results (Table  2) .
Table 2 -Explaining variables of the LGDs computed using different types of discount rate
Source: Data processed by the authors
The statistical fitness of the model is coherent with other studies on the loss given default; normally, this result is justifiable due to the high heterogeneity of recovery rates for the non-collateralised loans that could not be fully explained (Dermine and De Neto Carvalho, 2006) . Among geographical feature dummies, the only dummy that is statistically significant is the one that represents the South Island, where the relationship is identified is positive. The results support the thesis that customers in this area are riskier due to the lower efficiency of the recovery process (Giannotti and Gibilaro, 2009 ). The sector does not significantly affect the results achieved by the recovery process; therefore, it is impossible to define the type of customer that riskier for the bank. The lack of significance of the results could be explained on the basis of the sample composition (around 98% of the contracts represent the corporate and retail sector) and due to the lack of detailed data necessary to define a more detailed cluster of the sample on the basis of the type of activity.
Due to the mean higher duration and cost of the court recovery process (Djakanov, La Porta, De Silanes and Schleifer 2002) , the choice to adopt an out-of-the-court solution enables the reduction of the LGD, whereas the court solution negatively affects the efficacy or the recovery process. Looking at the guarantees, the type of guarantee is not statistically relevant in explaining the LGD, whereas the amount guaranteed is significant. The results demonstrate that a higher ratio between the amount granted and the EAD leads to a lower LGD and supports the thesis that in the case of default, when provided, the guarantee payments are the main driver of the recovery process (Caselli, Gatti and Querci, 2008) . The LGD is affected by the size of the exposure; normally, a larger EAD leads to a better action of the recovery process. This result is consistent with the theory of economies of scale in the recovery process and with a standard incentive scheme applied to the recovery function for the financial intermediary (Malinconico, 2008) . The duration of the recovery process seems to be unrelated to the results of the recovery process; also, the existence of a limited partnership form does not affect the LGD. The vintage negatively and significantly affects the results of the recovery process; consequently, the newest contracts are those that show a more efficient recovery process in the default case. This result can be considered reasonable if we assume that over the years, there was a change in the approach adopted for the LGD risk (Belotti, 2010) and, more specifically, that over the last year, the attention given to this type of risk is increasing over time.
Conclusions
The choice of the discount rate in estimating the LGD could significantly impact its value, and the evaluator can reduce the mean value of the risk factor by around 3% by selecting the proper discount rate. Due to the characteristics of the LGD distribution, the main differences among different estimates attain the median value and the percentile distribution: the median value could differ up to 10%, and the percentile distribution in normally non-comparable. Considering the explanatory factor for the LGD, no differences could be assigned to only the choice of the discount rate. An evaluator could work on the discount rate to modify (residually) the value of the LGD, but the main drivers of this risk are always related to geographic features, the type of recovery process, the amount of the guarantee, the amount of exposure and the vintage. On the basis of the current regulatory framework, the capital requirement is linearly related to the mean value of the LGD (Basel Committee of Banking Supervision, 2006). Due to the direct relationship, all changes (also the smallest ones) in the LGD estimates for a customer's portfolio of the bank could significantly affect its performance because there is a direct increase in the stock of capital required for the business. A further development of the work leads to the possibility of using more complex approaches to construct the discount rate using a multi-factor approach that takes into account the drivers of the recovery process in the formula Gibilaro and Mattarocci, 2007) . This solution could allow to allow to identify a LGD distribution with lower asymmetry and lower kurtosis and probably could also impact on the drivers of the recovery risk exposure.
